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1
VIDEO ENCODING METHOD AND
DECODING METHOD, APPARATUSES
THEREFOR, PROGRAMS THEREFOR, AND
STORAGE MEDIA FOR RECORDING THE
PROGRAMS

TECHNICAL FIELD

The present invention relates to a video encoding method
in which a video signal consisting of two or more signal
elements is targeted to be encoded and to an apparatus for the
same, and also to a video decoding method for decoding
encoded data generated in accordance with this video encod-
ing method and to an apparatus for the same, and also to a
video encoding program which is used to realize the video
encoding method and to a computer-readable recording
medium on which this program is recorded, and also to a
video decoding program which is used to realize the video
decoding method and to a computer-readable recording
medium on which this program is recorded.

Priority is claimed on Japanese Patent Application No.
2006-276074, filed Oct. 10, 2006, the contents of which are
incorporated herein by reference.

BACKGROUND ART

In standard encoding schemes for moving pictures starting
with H.264/AVC, chrominance elements in input video
which have been downsampled when compared to the lumi-
nance elements (namely, which have been sampled at a lower
frequency than the frequency at which the luminance ele-
ments were sampled) are used. This corresponds to video
formats known as 4:2:2, 4:2:0, and 4:1:1 formats.

Video formats in which these chrominance elements are
resampled are based on the physiological finding that visual
sensitivity is less sensitive towards chrominance elements
than towards luminance elements, and have been introduced
with the aims of reducing the amount of video information
and lowering the cost of imaging devices (see, for example,
Non-patent documents 1 and 2).

On the other hand, because of increased expectations for
further improvements in video image quality, 4:4:4 format
video in which chrominance signals are not resampled is
attracting attention. For example, in the JVT (Joint Video
Team), development for a new profile for H.264 (advanced
4:4:4 profile) is underway.

Non-patent document 1: “Chrominance Signal Interpola-
tion of YUV4:2:0 Format Color Images”, Hiroshi Sugita,
Akira Taguchi, IEICE (The Institute of Electronics, Informa-
tion and Communication Engineers) Transactions, Vol. J88-
A, No. 6, pp. 751-760, 2005

Non-patent document 2: “A Color Image Compression
Scheme Based on the Adaptive Orthogonalized Transform -
Accelerated by Sorted Dictionary”, Takashi Miura, Fumihiko
ITtagaki, Akihiko Yokoyama, Momoe Yamaguchi, IEICE (The
Institute of Electronics, Information and Communication
Engineers) Transactions, Vol. J85-D2, No. 11, pp. 1672-
1682, November 2002

DISCLOSURE OF INVENTION
Problems to be Solved by the Invention
Downsampling chrominance eclements is an effective
means of reducing the amount of code while suppressing any

decrease in subjective image quality. However, depending on
the image content, in some cases further downsampling is

10

15

20

25

30

35

40

45

50

55

60

65

2

possible without this leading to deterioration in subjective
image quality. In contrast, depending on the image content, in
some cases the high image quality of a 4:4:4 format video is
not achieved due to the chrominance elements in a frame all
being downsampled uniformly.

The characteristics of an image signal changes for each
frame, and there are also localized changes within a frame.
Visual sensitivity towards chrominance elements also
changes in accordance with these changes. For example, in a
frame (or in an area) having a small (i.e., a dark) pixel value,
there is lowered visual sensitivity towards chrominance ele-
ments compared with a frame (or an area) having a large (i.e.,
a bright) pixel value.

Because of this, by changing the downsampling ratio of
chrominance elements in accordance with the characteristics
of each frame, or in accordance with the localized character-
istics within a frame, it may be possible to efficiently reduce
the amount of code while maintaining the subjective image
quality.

However, conventional downsampling of chrominance
elements is performed at a uniform ratio over the entire frame,
so that there is considerable scope for improvement in encod-
ing efficiency.

The present invention was conceived in view of the above
described circumstances, and it is an object thereof to estab-
lish novel video encoding and decoding technology which
efficiently reduces code amounts by introducing adaptive
downsampling processing for each frame and introducing
adaptive downsampling processing for each area within each
frame.

Means for Solving the Problem

[1] Video Encoding Apparatus of the Present Invention which
Adaptively Changes a Downsampling Ratio

[1-1] Structure for Making Adaptive Changes in Units of
Frames

In order to achieve the above described object, the video
encoding apparatus ofthe present invention is structured such
that, when a video signal made up of two or more signal
elements is targeted for encoding, the video encoding appa-
ratus is provided with: (1) a setting device which sets a down-
sampling ratio for a specific signal element of a frame in
accordance with the characteristics inside the frame; and (2)
a generating device which generates a video signal which is
targeted to input to an encoder by downsampling a specific
signal element inside a frame in accordance with the down-
sampling ratio set by the setting device.

Here, the video encoding method of the present invention
which is realized by the respective processing devices
described above being operated can also be realized by means
of a computer program. This computer program may be sup-
plied by being recorded on a suitable computer-readable
recording medium, or may be supplied via a network. When
the present invention is to be implemented, the computer
program is installed, and is then able to realize the present
invention by being operated by a control device such as a
CPU.

In view of the observation that, for example, when a com-
parison is made between a frame in which there is a large
amount of transition and a frame in which there is a small
amount of transition, there is a relatively low level of visual
sensitivity in the former, and thus, compared with a frame
having a small amount of transition, there is no reduction in
subjective image quality in a frame having a large amount of
transition even if large-scale downsampling is performed, in
the video encoding apparatus of the present invention which
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is structured in the manner described above, a video signal
targeted for input into an encoder is generated, for example,
by setting a downsampling ratio for a specific signal element
such as a chrominance signal in each frame in accordance
with the size of the amount of transition within the frame, and
then downsampling the specific signal element in units of
frames in accordance with the set downsampling ratio.

In accordance with this structure, according to the video
encoding apparatus of the present invention, it is possible to
efficiently reduce code amounts while maintaining subjective
image quality.

[1-2] Structure for Making Adaptive Changes in Units of
Partial Areas Within a Frame

In the above described video encoding apparatus, it is also
possible for the device which sets the downsampling ratio to
have: a device which divides a frame into partial areas in
accordance with localized characteristics within the frame;
and a device which sets downsampling ratios for specific
signal elements in the partial areas in accordance with the
characteristics in each partial area, and for the video signal
targeted for encoding to be generated by downsampling the
specific signal element of the partial area in accordance with
the set downsampling ratio.

In view of the observation that, for example, when a com-
parison is made between a partial area in which there is a large
amount of transition and a partial area in which there is a
small amount of transition, there is a relatively low level of
visual sensitivity in the former, and thus, compared with a
partial area having a small amount of transition, there is no
reduction in subjective image quality in a partial area having
alarge amount of transition even if large-scale downsampling
is performed, in the video encoding apparatus which is struc-
tured in such a manner, a video signal targeted for input into
an encoder is generated, for example, by setting a downsam-
pling ratio for a specific signal element such as a chrominance
signal in each partial area within a frame in accordance with
the size of the transition amount within the partial area in the
frame, and then downsampling the specific signal element in
units of partial areas within the frames in accordance with the
set downsampling ratio.

In the case of this structure as well, it is possible to effi-
ciently reduce code amounts while maintaining subjective
image quality.

Video encoding apparatus and video decoding apparatus of
the present invention which handle changes in an encoded
block pattern generated as a result of the downsampling ratio
being adaptively changed

The video encoding apparatus of the present invention has
abasic structure in which, when a video signal made up of two
or more signal elements is taken as a target for encoding,
video signals generated by downsampling specific signal ele-
ments in accordance with a downsampling ratio set for each
frame or set for each partial area within a frame are encoded.

In contrast, in a standard video encoding apparatus, a struc-
ture may be employed in which, for each quantized signal
element obtained by encoding, information is appended to
each block of a specific size showing whether or not a sig-
nificant coefficient is contained in that block. If this type of
structure is employed, for blocks which contain no significant
coefficient, it is possible to omit the appending of a transfor-
mation coefficient thereby enabling a reduction in the amount
of code to be achieved.

However, in the video encoding apparatus of the present
invention, because the downsampling ratio of a specific signal
element is changed adaptively, the pattern formed by com-
bining blocks for each signal element does not become a fixed
pattern.
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Therefore, the present invention may further be provided
with a device which, for each quantized signal element
obtained by encoding the video signal targeted for encoding,
when appending information to each block of a specific size
showing whether or not a significant coefficient is contained
in that block, appends information showing at which position
a group of blocks which share the specific signal element is
located, to the group of blocks.

In addition, the present invention is a video decoding appa-
ratus which decodes encoded data of a video signal which has
been generated by this video encoding apparatus, wherein
there are provided: a device which, by decoding encoded data
of the information showing at which position the group of
blocks which share the specific signal element is located,
determines whether or not the group of blocks targeted for
decoding is a group of blocks which share the specific signal
element; and a device which, for the group of blocks which
the determination device has determined to be a group of
blocks which share the specific signal element, by decoding
encoded data of the specific signal element shared by the
group of blocks, decodes the downsampled signal element in
accordance with the downsampling ratio set on the encoding
side.

Here, the video encoding method of the present invention
and the video decoding method of the present invention
which are realized by the respective processing devices
described above being operated can also be realized by means
of a computer program. This computer program may be sup-
plied by being recorded on a suitable computer-readable
recording medium, or may be supplied via a network. When
the present invention is to be implemented, the computer
program is installed, and is then able to realize the present
invention by being operated by a control device such as a
CPU.

In the video decoding apparatus of the present invention
which is structured in this manner, information showing at
which position the group of blocks which share the specific
signal element is located is appended to the group of blocks.

In addition, the present invention is a video decoding appa-
ratus which decodes encoded data of a video signal which has
been generated by this video encoding apparatus, wherein
there are provided: a device which, by decoding encoded data
of information showing at which position the group of blocks
which share the specific signal element is located, determines
whether or not the group of blocks targeted for decoding is a
group of blocks which share the specific signal element; and
adevice which, for a group of' blocks which the determination
device has determined to be a group of blocks which share the
specific signal element, by decoding encoded data of the
specific signal element shared by the group of blocks,
decodes the downsampled signal element in accordance with
the downsampling ratio set on the encoding side.

In accordance with this structure, according to the present

invention, when a structure is employed in which a downsam-
pling ratio is changed adaptively with frames or slices within
frames being taken as units, even if the combination pattern of
the blocks changes for each signal element in accordance
with this structure, it is possible for a structure which is used
in a standard video encoding apparatus which appends to
blocks having a certain size information showing whether or
not a quantized signal contains a significant coefficient to be
used without this structure being changed.
[3] Video encoding apparatus and video decoding apparatus
of the present invention which handle changes in the interpo-
lation accuracy of a reference frame which are generated as a
result of the downsampling ratio being adaptively changed.
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[3-1] When a Downsampling Ratio is Changed Adaptively in
Units of Frames

The video encoding apparatus of the present invention has
abasic structure in which, when a video signal made up of two
or more signal elements is taken as a target for encoding,
video signals generated by downsampling specific signal ele-
ments in accordance with a downsampling ratio set for each
frame are encoded.

In contrast, in a video encoding apparatus, motion com-
pensation having a decimal fraction pixel accuracy may be
used for an inter-frame prediction. This is because highly
accurate motion compensation can be realized if this type of
structure is employed.

However, in the video encoding apparatus of the present
invention, because the downsampling ratio of a specific signal
element is changed adaptively in units of frames, the interpo-
lation accuracy of a reference frame which is required when
motion compensation having a decimal fraction pixel accu-
racy is used for an inter-frame prediction does not become
fixed.

Therefore, the above described video encoding apparatus
of the present invention may further be provided with: a
device which, when motion compensation having a decimal-
fraction pixel accuracy is used for an inter-frame prediction in
the encoding of the video signal targeted for encoding,
changes the interpolation accuracy of a downsampled signal
element in the reference frame in accordance with a ratio
between the downsampling ratio of the frame targeted for
encoding and the downsampling ratio of the reference frame;
and a device which, based on the changed interpolation accu-
racy, generates an interpolated image of the reference frame.

As a counterpart thereto, the present invention provides a
video decoding apparatus which decodes encoded data of a
video signal which has been generated by the above described
video encoding apparatus, and which is provided with: a
device which, when motion compensation having a decimal-
fraction pixel accuracy is used for an inter-frame prediction,
changes the interpolation accuracy of a downsampled signal
element in the reference frame in accordance with a ratio
between the downsampling ratio of the frame targeted for
decoding and the downsampling ratio of the reference frame;
and a device which, based on the changed interpolation accu-
racy, generates an interpolated image of the reference frame.

Here, the video encoding method of the present invention
and the video decoding method of the present invention
which are realized by the respective processing devices
described above being operated can also be realized by means
of a computer program. This computer program may be sup-
plied by being recorded on a suitable computer-readable
recording medium, or may be supplied via a network. When
the present invention is to be implemented, the computer
program is installed, and is then able to realize the present
invention by being operated by a control device such as a
CPU.

In the video encoding apparatus of the present invention
which is structured in this manner, the interpolation accuracy
of a downsampled signal element in a reference frame is
changed in accordance with a ratio between the downsam-
pling ratio of a frame targeted for encoding and the down-
sampling ratio of the reference frame, and an interpolated
image of the reference frame is generated based on the
changed interpolation accuracy.

Moreover, in the video decoding apparatus of the present
invention which is structured so as to correspond to this, the
interpolation accuracy of a downsampled signal element in a
reference frame is changed in accordance with a ratio
between the downsampling ratio of a frame targeted for
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decoding and the downsampling ratio of the reference frame,
and an interpolated image of the reference frame is generated
based on this changed interpolation accuracy.

In accordance with this structure, according to the present
invention, when a structure is employed in which a downsam-
pling ratio is changed adaptively in units of frames, even if the
interpolation accuracy of the reference frame changes in
accordance with this structure, it is possible to generate an
interpolated image of a reference frame which realizes the
required motion compensation.

[3-2] When a Down Sampling Ratio is Changed Adaptively in
Units of Partial Areas Within a Frame

The video encoding apparatus of the present invention is
also able to encode video signals generated by downsampling
specific signal elements more finely in accordance with a
downsampling ratio set for each partial area within a frame.

As stated above, in a video encoding apparatus, motion
compensation having a decimal fraction pixel accuracy may
be used for an inter-frame prediction. This is because highly
accurate motion compensation can be realized if this type of
structure is employed.

However, in the video encoding apparatus of the present
invention, because the downsampling ratio of a specific signal
element is changed adaptively in units of partial areas within
the frames, the interpolation accuracy of a reference frame
which is required when motion compensation having a deci-
mal fraction pixel accuracy is used for an inter-frame predic-
tion does not become fixed.

Therefore, the above described video encoding apparatus
may further be provided with: a device which, when motion
compensation having a decimal fraction pixel accuracy is
used for an inter-frame prediction in the encoding of the video
signal targeted for encoding, changes the interpolation accu-
racy of a downsampled signal element in a partial area within
the reference frame in accordance with a ratio between the
downsampling ratio of each partial area within the frame
targeted for encoding and the downsampling ratio of the
partial area within the reference frame which is referred to
when this partial area undergoes motion compensation; and a
device which, based on the changed interpolation accuracy,
generates an interpolated image of the partial area within the
reference frame.

As a counterpart thereto, the present invention provides a
video decoding apparatus which decodes encoded data of a
video signal which has been generated using the video encod-
ing method described above, and which includes: a device
which, when motion compensation having a decimal fraction
pixel accuracy is used for an inter-frame prediction, changes
the interpolation accuracy of a downsampled signal element
in a partial area within the reference frame in accordance with
a ratio between the downsampling ratio of each partial area
within the frame targeted for decoding and the downsampling
ratio of the partial area within the reference frame which is
referred to when this partial area undergoes motion compen-
sation; and a device which generates an interpolated image of
the partial area within the reference frame based on the
changed interpolation accuracy.

Here, the video encoding method of the present invention
and the video decoding method of the present invention
which are realized by the respective processing devices
described above being operated can also be realized by means
of a computer program. This computer program may be sup-
plied by being recorded on a suitable computer-readable
recording medium, or may be supplied via a network. When
the present invention is to be implemented, the computer
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program is installed, and is then able to realize the present
invention by being operated by a control device such as a
CPU.

In the video encoding apparatus of the present invention
which is structured in this manner, the interpolation accuracy
of' a downsampled signal element in a partial area within a
reference frame is changed in accordance with a ratio
between the downsampling ratio of a partial area within a
frame targeted for encoding and the downsampling ratio of a
partial area within the reference frame which is referred to
when motion compensation is performed on this partial area,
and an interpolated image of the partial area within the refer-
ence frame is generated based on the changed interpolation
accuracy.

Moreover, in the video decoding apparatus of the present
invention which is structured so as to correspond to this, the
interpolation accuracy of a downsampled signal element in a
partial area within a reference frame is changed in accordance
with a ratio between the downsampling ratio of a partial area
within a frame targeted for decoding and the downsampling
ratio of a partial area within the reference frame which is
referred to when motion compensation is performed on this
partial area, and an interpolated image of the partial area
within the reference frame is generated based on the changed
interpolation accuracy.

In accordance with this structure, according to the present
invention, when a structure is employed in which a downsam-
pling ratio is changed adaptively with in units of slices within
a frame, even if the interpolation accuracy of a reference
frame changes in accordance with this structure, it is possible
to generate an interpolated image of a reference frame which
realizes the required motion compensation.

Effects of the Invention

According to the present invention, when encoding video,
it is possible to adaptively change the downsampling ratio of
a specific signal element in accordance with the characteris-
tics of each frame or in accordance with localized character-
istics within a frame, and to consequently achieve an efficient
code reduction in accordance with visual sensitivity.

Moreover, according to the present invention, even if the
combination pattern of blocks changes for each signal ele-
ment as a result of a downsampling ratio being changed
adaptively, it is possible for a structure, which is used in a
standard video encoding apparatus which appends to blocks
having a certain size information showing whether or not a
quantized signal contains a significant coefficient, to be used
without this structure being changed.

In addition, according to the present invention, when
motion compensation having a decimal fraction pixel accu-
racy is used for an inter-frame prediction, even if there is a
change in the interpolation accuracy of a reference frame as a
result of a downsampling ration being changed adaptively, it
is possible to generate an interpolated image of the reference
frame which realizes the required motion compensation.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an explanatory diagram showing downsampling
processing according to the present invention.

FIG. 2 is an explanatory diagram showing downsampling
processing according to the present invention.

FIG. 3 is an explanatory diagram showing downsampling
processing according to the present invention.

FIG. 4 is an explanatory diagram showing downsampling
processing according to the present invention.
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FIG. 5 is an explanatory diagram of a CBP.

FIG. 6 is a diagram showing an example of a luminance
element and a downsampled chrominance element.

FIG. 7A is an explanatory diagram of a chrominance
shared block set.

FIG. 7B is also an explanatory diagram of a chrominance
shared block set.

FIG. 7C is also an explanatory diagram of a chrominance
shared block set.

FIG. 7D is also an explanatory diagram of a chrominance
shared block set.

FIG. 8 is an explanatory diagram showing interpolation
accuracies of a reference frame.

FIG. 9 is an embodiment of a flowchart showing encoding
processing according to the present invention.

FIG. 10 is a continuation of the flowchart shown in FIG. 9.

FIG. 11 is an embodiment of a flowchart showing decoding
processing according to the present invention.

FIG. 12 is a continuation of the flowchart shown in FIG. 11.

FIG. 13 is an embodiment of a video encoding apparatus of
the present invention.

FIG. 14 is an embodiment of a video decoding apparatus of
the present invention.

FIG. 15 is an embodiment of a reference frame interpola-
tion image generation apparatus of the present invention.

FIG. 16 is a diagram showing an example of the apparatus
structure of a video encoding apparatus.

FIG. 17 is a diagram showing an example of the apparatus
structure of a video decoding apparatus.

FIG. 18 is an embodiment of a flowchart showing reference
frame interpolation image generation processing of the
present invention.

DESCRIPTION OF THE REFERENCE
NUMERALS

100 Adaptive processing flag setting section

101 Adaptive processing tlag storage section

102 Luminance signal reading section

103 Luminance signal storage section

104 Chrominance signal reading section

105 Chrominance signal storage section

106 Downsampling ratio setting section

107 Downsampling ratio storage section

108 Chrominance signal downsampling processing section

109 Chrominance signal storage section

110 Chrominance-possessing macroblock position informa-
tion setting section

110-1 Sequence adaptive processing section

110-2 Slice adaptive processing section

110-3 Chrominance adaptive processing section

111 Encoded stream generation section

111-1 Header information encoding section

111-2 Header information encoded stream storage section

111-3 Luminance sighal-—chrominance signal encoding pro-
cessing section

111-4 Luminance signal—chrominance signal encoded
stream storage section

111-5 Encoded stream multiplexing section

112 Encoded stream storage section

113 Final slice determination section

BEST MODE FOR CARRYING OUT THE
INVENTION

Hereinafter, the present invention will be described in
detail in accordance with the embodiments.
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In the present invention, novel video encoding and decod-
ing technology is realized which efficiently reduces code
amounts by introducing adaptive downsampling processing
for each frame and by introducing adaptive downsampling
processing for each area within each frame.

Required functions in an encoder and a decoder in order to
introduce this type of adaptive downsampling processing are
described below.

Note that in the example given below, the chrominance
element in a color space formed by a luminance signal (Y)
and two chrominance elements (Cb, Cr) is the downsampling
target, however, targets of the present invention are not lim-
ited to these color space signals.

For example, the present invention can also be applied in
the same way to three elements obtained by performing any
color transformation on 4:4:4 format video signals. Further-
more, the number of elements on which adaptive downsam-
pling processing is performed is not limited to any specific
number. For example, when a first principal element, a second
principal element, and a third principal element are obtained
using KL transformation for the color transformation, then
any one of these elements may be the downsampling target.
Moreover, another example might be for any two of these
three elements (for example, the second principal element
and the third principal element) to be the downsampling
target. Furthermore, it is naturally also possible for all three of
these elements to be the downsampling target.

Furthermore, the present invention can also be applied in
the same way when a signal other than a color space signal is
the downsampling target.

[1] Frame Unit Adaptive Processing

In a first aspect of the present invention, a frame downsam-
pling ratio is adaptively changed for a chrominance element
in accordance with the characteristics inside the frame.

The frame downsampling ratio is r [t](<1) as defined by the
following formula:

U] =W [t] /W] =H'[]/H [1]
when the size of a t* frame of a 4:4:4 format video is taken as
W/t]xH][t][pixels], and when the frame size of a chrominance
element after downsampling is taken as W'[t]xH'[t][pixels].

The example shown in FIG. 1 is an example in which the
frame downsampling ratio is set to 1/2, 1/4, 1/4 in sequence
from the leading frame.

Here, the frame downsampling ratios of the two chromi-
nance elements (i.e., the Cb and Cr elements) are the same
value.

Here, it is also possible to set frame downsampling ratios
independently for the two chrominance elements (i.e., the Cb
and Cr elements).

FIG. 2 shows an example of this. Here, in sequence from
the leading frame, the frame downsampling ratio for the Cb
element is set to 1/2, 1/4, 1/2, while the frame downsampling
ratio for the Cr element is set to 1/2, 1/2, 1/4.

The method used to set the downsampling ratio for each
frame is provided from an external mechanism which is pro-
vided separately from the mechanism performing the down-
sampling.

For example, it is possible to set a downsampling ratio for
each frame in accordance with the size of the amount of
transition (i.e., change) within a frame.

When a frame having a large amount of transition is com-
pared to a frame having a small amount of transition, then
there is a relatively low level of visual sensitivity in the
former. Because of this, in a frame having a large amount of
transition, it is possible to set a small downsampling ratio so
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that large downsampling is conducted compared with a frame
having a small amount of transition.

Accordingly, in this case, the mechanism which sets the
downsampling ratio detects the size of the transition amount
for a frame, determines the downsampling ratio which corre-
sponds to this size, and then gives a command to the mecha-
nism performing the downsampling to downsample this
frame in accordance with the determined downsampling
ratio.

[2] Slice Unit Adaptive Processing

In a second aspect of the present invention, the slice down-
sampling ratio is adaptively changed for chrominance ele-
ments in accordance with the characteristics within a frame.

The slice downsampling ratio is r [t,i](<1) as defined by the
following formula:

rftij=wtil/wlti]=h'[ti]/h[ti]

when a t” frame of a 4:4:4 format video chrominance element
is divided into several partial areas (referred to as “slices’),
and the size of the i” slice is taken as w[t,i]xh][t,i] [pixels], and
when the size of the i? slice after downsampling is taken as
w'[t,i]xh'[t,i][pixels].

Here, 1=0, 1, . .. ,1-1, wherein I is the total number of slices
within a frame.

The top row in FIG. 3 shows an example of a case in which
chrominance element frames are divided into two slices.
Hereinafter, for convenience, of these two slices, the top slice
is referred to as the first slice, while the bottom slice is
referred to as the second slice.

Inthis example, as is shown in the bottom row in FIG. 3, the
slice downsampling ratio of the first slice is set to 1/2 and the
slice downsampling ratio of the second slice is set to 1/4.
Here, the slice downsampling ratios of the two chrominance
elements (i.e., the Cb and Cr elements) are the same value.

Here, it is also possible to set slice downsampling ratios
independently for the two chrominance elements (i.e., the Cb
and Cr elements).

FIG. 4 shows an example of this. As is shown in the top row,
in the same slice division settings as in FIG. 3, the slice
downsampling ratios for the first slice and the second slice of
the Cb element are set respectively to 1/2 and 1/4, while the
slice downsampling ratios for the first slice and the second
slice of the Cr element are set respectively to 1/4 and 1/2.

While the above described frame downsampling ratios
enable the downsampling ratio to be changed for each frame,
these slice downsampling ratios further enable the downsam-
pling ratio to be changed in localized areas within a frame.

The method used to divide a frame into slices and the
method used to set the slice downsampling ratio for each slice
are provided from an external mechanism which is provided
separately from the mechanism performing the slice down-
sampling.

For example, it is possible to divide a frame into slice areas
in accordance with the size of the amount of transition (i.e.,
change). When a slice having a large amount of transition is
compared to a slice having a small amount of transition, then
there is a relatively low level of visual sensitivity in the
former. Because of this, in a slice having a large amount of
transition, it is possible to set a small slice downsampling
ratio so that large-scale slice downsampling is conducted
compared with a slice having a small amount of transition.

Accordingly, in this case, the mechanism which sets the
slice downsampling ratios detects the size of the transition
amount for each small area within a frame, divides the frame
into slice areas based on this and also determines for each
slice the slice downsampling ratio which corresponds to the
transition amount within that slice, and then gives a command
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to the mechanism performing the slice downsampling to per-
form slice downsampling on the relevant slice in accordance
with the determined slice downsampling ratio.

[3] Encoding Block Pattern

Next, a description will be given of bit allocation relating to
CBP (described below) when the adaptive frame downsam-
pling and slice downsampling of the present invention are
performed.

In H.264, the luminance element of 16x16 [pixels] and the
chrominance element of two 8x8 [pixels] are known as a
macroblock, and a transformation coefficient is transformed
into an encoded stream in units of these macroblocks.

At this time, as is shown in FIG. 5, six bits of information
indicating whether or not the transformation coefficient
within each sub block includes a significant coefficient (i.e., a
non-zero coefficient) are appended to six sub blocks which
are formed by four 8x8 [pixels] luminance element sub
blocks and two chrominance element sub blocks of identical
size. This information is called a “Coded Block Pattern”
(CBP).

Note that the numerals inside the sub blocks in FIG. 5 show
the position of the bit within the CBP for each sub block.

Encoding information for a transformation coefficient
other than a CBP is not appended to sub blocks in which the
corresponding bit within the CBP is 0. This is because this
processing is intended to reduce the amount of code. In con-
trast, transformation coefficient information is appended to
sub blocks in which the bit is 1.

In H.264, a reduction in the amount of code is achieved
using this type of CBP, and if the adaptive frame downsam-
pling and slice downsampling of the present invention are to
be performed, it is necessary to build a structure which
enables this CBP to be used.

Accordingly, in the present invention, when the downsam-
pling ratio of the chrominance elements is variable, then the
bit allocation for this CBP is modified.

Next, a description will be given of the bit allocation for the
CBP of the present invention.

As an example, a case is considered in which the size of the
luminance elements in a macroblock is taken as 16x16, and
the frame downsampling ratio (or slice downsampling ratio)
is taken as r (<1/2).

In this case, two types of macroblock having different
structural elements are generated.

Namely, these two types of macroblock are a macroblock
which is formed by six sub blocks which are formed by four
8x8 [pixels] luminance element sub blocks and two chromi-
nance element sub blocks of identical size, and a macroblock
which is formed only by four 8x8 [pixels] luminance element
sub blocks.

In the case of the former, in the same way as in the con-
ventional technology, the CBP is represented by 6 bits. In
contrast, in the case of the latter, the CBP is represented by 4
bits.

FIG. 6 shows an example in which r=1/4. In this case, four
combinations of chrominance elements and luminance ele-
ments may be considered as shown in FIG. 7A through FIG.
7D. Because of this, information showing at which position a
macroblock possessing a chrominance element is located is
required.

A group of pixels which is formed by chrominance ele-
ments and by the luminance elements which share these
chrominance elements is called a chrominance shared block
set. Namely, in any one of FIG. 7A through FIG. 7D, the
chrominance elements (i.e., the portion indicated by the shad-

10

15

20

25

30

35

40

45

50

55

60

65

12

ing in the drawing) belonging to a macroblock is shared by the
other three macroblocks (i.e., those having only luminance
elements).

Moreover, in a chrominance shared block set, the position
of'a macroblock possessing chrominance elements is called a
chrominance-possessing macroblock position.

A method of representing this chrominance-possessing
macroblock position will now be described in relation to the
method of representation used by the present invention.
[3-1] Third Aspect of the Present Invention

This is a method in which a chrominance-possessing mac-
roblock position is determined in advance.

For example, in this example it is determined that only the
macroblock which is closest to the beginning in the scanning
sequence possesses a chrominance element. If this position is
shared by an encoder and a decoder in advance, then decoding
can be performed in the decoder without any additional infor-
mation.

[3-2] Fourth Aspect of the Present Invention

This is a method in which a chrominance-possessing mac-
roblock position is set on the encoder side for each sequence
(i.e., an entire compressed video). In this case, the chromi-
nance-possessing macroblock position is set as a fixed value
within the sequence. In conjunction with this, it is necessary
to append the information below in an encoded stream as
encoding information.

Firstly, a flag (chroma-position-sequence-adaptive) indi-
cating whether or not this adaptive processing is to be applied
is appended to an encoded stream as header information.

This flag is set to 1 when this adaptive processing is being
performed, and is set to O when this adaptive processing is not
being performed.

Furthermore, because the chrominance-possessing mac-
roblock position changes for each sequence, a chrominance-
possessing macroblock position is appended to an encoded
stream as header information about the sequence for each
sequence. This processing is called sequence adaptive
chrominance-possessing macroblock position varying pro-
cessing.

[3-3] Fifth Aspect of the Present Invention

This is a method in which a chrominance-possessing mac-
roblock position is set on the encoder side for each slice.

Here, as is described above, the term ‘slice’ indicates a
partial area obtained by dividing the interior of each frame.
The specific division method is provided from a mechanism
for determining slice divisions which is provided externally.

In this case, the chrominance-possessing macroblock posi-
tion is set as a fixed value within the slice. In conjunction with
this, it is necessary to append the information below in an
encoded stream as encoding information.

Firstly, a flag (chroma-position-slice-adaptive) indicating
whether or not this adaptive processing is to be applied is
appended to an encoded stream as header information. This
flag is set to 1 when this adaptive processing is being per-
formed, and is set to 0 when this adaptive processing is not
being performed.

Furthermore, because the chrominance-possessing mac-
roblock position changes for each slice, it is necessary to
append a chrominance-possessing macroblock position to an
encoded stream as header information about the slice to each
slice. This processing is called slice adaptive chrominance-
possessing macroblock position varying processing.

[3-4] Sixth Aspect of the Present Invention

This is a method in which a chrominance-possessing mac-
roblock position is set on the encoder side for each chromi-
nance shared block set. In this case, itis possible to change the
chrominance-possessing macroblock position for each
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chrominance shared block set. In conjunction with this, it is
necessary to append the information below to an encoded
stream as encoding information.

Firstly, a flag (chroma-position-MBs-adaptive) indicating
whether or not this adaptive processing is to be applied is
appended to an encoded stream as header information. This
flag is set to 1 when this adaptive processing is being per-
formed, and is set to 0 when this adaptive processing is not
being performed.

Furthermore, because the chrominance-possessing mac-
roblock position changes for each chrominance shared block
set, it is necessary to append a chrominance-possessing mac-
roblock position to an encoded stream as header information
about the chrominance shared block set to each chrominance
shared block set. This processing is called chrominance
shared block set adaptive chrominance-possessing macrob-
lock position varying processing.

[4] Motion Vector Encoding Format

Next, a description will be given of a motion vector encod-
ing format when the adaptive frame downsampling and slice
downsampling of the present invention are performed.

Within a chrominance shared block set, luminance ele-
ments and chrominance elements are taken as sharing the
same motion vector information. However, for the chromi-
nance, it is necessary to perform scaling on the motion vector
in accordance with the downsampling ratio.

For example, when the motion vector appended to the
encoded stream is v=(4, 8), and the downsampling ratio is 1/4,
then the motion vector of the luminance element is v=(4, 8),
and the motion vector of the chrominance element is (1/4)x
v=(1, 2).

[4-1] Seventh Aspect of the Present Invention

The interpolation accuracy of the chrominance element of
a reference frame is changed based on Formula (1) given
below in accordance with the frame downsampling ratio of'a
frame targeted for encoding (i.e., a t” frame) and a reference
frame (i.e., a t-1? frame), and, based on this, an interpolated
image of the chrominance element of the reference frame is
generated.

Note that in the formula given below, r]t] is the frame
downsampling ratio of the frame targeted for encoding, while
rft-1] is the frame downsampling ratio of the reference
frame.

When a motion estimation accuracy (i.e., a motion com-
pensation accuracy) of the luminance element of the t* frame
is 1/M, then the interpolation accuracy A of the chrominance
element of the reference frame is determined in accordance
with the following Formula (1)

A=(r ft=L1/r fA])x(L/M) (1)

For example, when the motion estimation of the luminance
element of the frame targeted for encoding has an accuracy of
1/4 pixels, and when the downsampling ratio of the chromi-
nance element of the frame targeted for encoding is 1/4, and
when the downsampling ratio of the chrominance element of
the reference frame is 1/2, then, in accordance with Formula
(1), the motion interpolation accuracy A of the chrominance
element of the reference frame is found to be an accuracy of
1/2 pixels.

A=(1/2)+(1/4)x(1/4)=1/2

This is for the following reason. When the downsampling
ratio of the chrominance element of the frame targeted for
encoding is 1/4, then the motion vector of the chrominance
element which is used is obtained by scaling the motion
vector of the luminance element by 1/4. By performing this
scaling, information of less than one pixel of the motion
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vector is discarded, and the motion estimation accuracy ofthe
chrominance element of the frame targeted for encoding is
made into an accuracy of 1 pixel.

In contrast, the downsampling ratio of the reference frame
is 1/2, and is the resolution of half the luminance signal.
Because of this, in order to obtain information about the
integer pixel position required for the chrominance element
of'the frame targeted for encoding, it is necessary to obtain the
information for a position which corresponds to a 1/2 pixel in
the reference frame by interpolation.

FIG. 8 shows the collected results of the interpolation
accuracy (i.e., the interpolation accuracy A determined using
Formula (1)) of the reference frame when the motion estima-
tion accuracy of the luminance element is an accuracy of 1/4
pixels, and the downsampling ratios of the frame targeted for
encoding and of the reference frame are changed by 1, 1/2,
1/4.

Here, the motion estimation accuracy required for the
(chrominance element of the) frame targeted for encoding
shown in FIG. 8 is determined in accordance with the follow-
ing formula.

(U/rft)x(1/M)

[4-2] Eighth Aspect of the Present Invention

The interpolation accuracy in a slice of a chrominance
element of the reference frame is changed based on Formula
(2) given below in accordance with the slice downsampling
ratios of the frame targeted for encoding (i.e. the t” frame)
and the reference frame (i.e., the t—1? frame). Based on this,
an interpolated image of the slice of the chrominance element
of the reference frame is generated.

Note that in the formula given below, a case is considered
in which a block within an i’ slice of the frame targeted for
encoding takes an area within a j”* slice of the reference frame
as a reference signal during motion compensation.

At this time, the slice downsampling ratio of the i” slice of
the frame targeted for encoding is r [t,i], while the slice down-
sampling ratio of the i slice of the reference frame is r[t-1,
il-

When a motion estimation accuracy of the luminance ele-
ment of the t* frame is 1/M, then the interpolation accuracy A
[j] of the j” slice of the chrominance element of the reference
frame is determined in accordance with the following For-
mula (2)

Af]=(r [1=1, jJ/r[ti])x(1/M)
Embodiments

Next, the present invention will be described in detail in
accordance with the following embodiments.

FIG. 9 and FIG. 10 show an embodiment of a flowchart
showing the encoding processing executed by the present
invention. The encoding processing executed by the present
invention will be described in detail in accordance with this
flowchart.

Step S100: The flags relating to the setting of the chromi-
nance-possessing macroblock position information (i.e.,
chroma-position-sequence-adaptive, chroma-position-slice-
adaptive, and chroma-position-MBs-adaptive) are read, and
written in registers. This is to determine whether the above
described sequence adaptive chrominance-possessing mac-
roblock position varying processing, or the above described
slice adaptive chrominance-possessing macroblock position
varying processing, or the above described chrominance
shard block set adaptive chrominance-possessing macrob-
lock position varying processing is to be used.

Step S101: A determination is made as to whether or not a
chroma-position-sequence-adaptive flag which relates to the

@
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setting of the chrominance-possessing macroblock position
information is set to 1, and if the result of this determination
is a true value (namely, Y (Yes)), the routine moves to step
S102. If, however, the determination result is N (No), the
routine moves to step S103.

Step S102: Processing to set the chrominance-possessing
macroblock position information is performed, and the
chrominance-possessing macroblock position information is
written in the register.

Here, the chrominance-possessing macroblock position
information which has been set is used throughout the encod-
ing of the entire sequence. This corresponds to the fourth
aspect described above.

The specific setting values are provided from an externally
provided mechanism which performs the setting of the
chrominance-possessing macroblock position information.
For example, a method may be used in which, taking the
weighted sum of encoding distortion and code amount as a
cost function, the chrominance-possessing macroblock posi-
tion information is set such that this cost function is mini-
mized.

Step S103: A determination is made as to whether or not the
chroma-position-sequence-adaptive flag which relates to the
setting of the chrominance-possessing macroblock position
information is set to 1, and if the result of this determination
is atrue value, the routine moves to step S106. If, however, the
determination result is not a true value, the routine moves to
step S104.

Step S104: A determination is made as to whether or not a
chroma-position-slice-adaptive flag which relates to the set-
ting of the chrominance-possessing macroblock position
information is set to 1, and if the result of this determination
is atrue value, the routine moves to step S105. If, however, the
determination result is not a true value, the routine moves to
step S106.

Step S105: Processing to set the chrominance-possessing
macroblock position information is performed, and the
chrominance-possessing macroblock position information is
written in the register.

Here, the chrominance-possessing macroblock position
information which has been set is used throughout the encod-
ing in a slice. This corresponds to the fifth aspect described
above.

The specific setting values are provided from an externally
provided mechanism which performs the setting of the
chrominance-possessing macroblock position information.
For example, a method may be used in which, taking the
weighted sum of encoding distortion and code amount as a
cost function, the chrominance-possessing macroblock posi-
tion information is set such that this cost function is mini-
mized.

Step S106: The luminance signal and chrominance signal
of'the slice currently being observed is read and written in the
register.

Step S107: A downsampling ratio is set for the chromi-
nance signal. Here, the set downsampling ratio is the slice
downsampling ratio.

The specific setting values are provided from an externally
provided mechanism which performs the setting of the slice
downsampling ratio. For example, in a slice having a low
luminance value, a method may be employed in which a small
downsampling ratio is set such that large-scale downsam-
pling is performed on the chrominance element.

Step S108: The set downsampling ratio and the chromi-
nance signal written in the register are input, and downsam-
pling processing of the chrominance element is performed in
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accordance with the input downsampling ratio. The chromi-
nance element after the downsampling is written in the reg-
ister.

The coefficient of the filter used in the downsampling is
provided from an externally provided mechanism which
determines filter coefficients in accordance with the down-
sampling ratio.

Step S109: A determination is made as to whether or not at
least one of the chroma-position-sequence-adaptive flag or
the chroma-position-slice-adaptive flag relating to the setting
of the chrominance-possessing macroblock position infor-
mation is set to 1, and if the result of this determination is a
true value, the routine moves to step S112. If, however, the
determination result is not a true value, the routine moves to
step S110.

Step S110: A determination is made as to whether or not a
chroma-position-MBs-adaptive flag which relates to the set-
ting of the chrominance-possessing macroblock position
information is set to 1, and if the result of this determination
is atrue value, the routine moves to step S111. If, however, the
determination result is not a true value, the routine moves to
step S112.

Step S111: Processing to set the chrominance-possessing
macroblock position information is performed, and the
chrominance-possessing macroblock position information is
written in the register. Here, the chrominance-possessing
macroblock position information which has been set is used
throughout the encoding of a chrominance shared block set.
This corresponds to the sixth aspect described above.

The specific setting values are provided from an externally
provided mechanism which performs the setting of the
chrominance-possessing macroblock position information.
For example, a method may be used in which, taking the
weighted sum of encoding distortion and code amount as a
cost function, the chrominance-possessing macroblock posi-
tion information is set such that this cost function is mini-
mized.

Step S112: The set chrominance-possessing macroblock
position information and downsampling ratio are read and
written in the registers.

Step S113: The chrominance-possessing macroblock posi-
tion information which was written in the register in step
S112 is input, and a determination is made as to whether or
not the macroblock targeted for encoding is in the chromi-
nance-possessing macroblock position. A true or false value
is then output as the result of this determination.

Ifthe output is a true value, the routine moves to step S114.
If the output is a false value the routine moves to step S115.

Step S114: Using the chrominance signal as an input,
encoding processing is performed, and the encoding result is
written in the register.

The specific encoding method differs depending on the
encoding algorithm which is used. For example, in H.264 and
MPEG-2, the encoding method involves motion compensa-
tion and discrete cosine transform.

Step S115: Header information generated in the encoding
is written in the register.

The specific symbols and the like targeted for encoding
differ depending on the encoding algorithm which is used.
For example, in the case of H.264, synchronous code forms
the symbols targeted for encoding (here, symbol refers to
structural units of information).

Step S116: Using the luminance signal as an input, encod-
ing processing is performed, and the encoding result is writ-
ten in the register.

The specific encoding method differs depending on the
encoding algorithm which is used. For example, in H.264 and
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MPEG-2, the encoding method involves motion compensa-
tion and discrete cosine transform.

Step S117 and step S118: The processing of step S113
through step S116 is repeated for all of the macroblocks
within the chrominance shared block set.

Step S119: The processing of step S109 through step S118
is repeated for all ofthe chrominance shared block sets within
the slice.

Step S120: The processing of step S103 through step S119
is repeated for all of the slices within the sequence.

In this manner, in the present embodiment, luminance ele-
ments and chrominance elements are encoded while slice
downsampling is performed for the chrominance elements in
accordance with the slice downsampling ratio which has been
set adaptively. In addition, processing is performed in order to
set chrominance-possessing macroblock position informa-
tion, which shows which macroblocks possess chrominance
elements, and to encode this as header information.

FIG. 11 and FIG. 12 illustrate an embodiment of a flow-
chart showing decoding processing according to the present
invention in which encoded data generated in the encoding
processing of the flowchart shown in FIG. 9 and FIG. 10 is
targeted for decoding. The decoding processing executed by
the present invention will now be described in detail in accor-
dance with this flowchart.

Step S200: Taking an encoded stream as an input, process-
ing to decode a flag (chroma-position-sequence-adaptive,
chroma-position-slice-adaptive, chroma-position-MBs-
adaptive) relating to the setting of the chrominance-possess-
ing macroblock position information is executed, and the
value of the obtained flag is written in the register.

Step S201: A determination is made as to whether or not the
chroma-position-sequence-adaptive flag relating to the set-
ting of the chrominance-possessing macroblock position
information is set to 1, and if the result of this determination
is atrue value, the routine moves to step S202. If, however, the
determination result is not a true value, the routine moves to
step S203.

Step S202: Taking the encoded stream as an input, process-
ing to decode the chrominance-possessing macroblock posi-
tion information is performed, and the value of the chromi-
nance-possessing macroblock position information thus
obtained is written in the register. This is the processing
performed when the above described fourth aspect is used.

Step S203: Taking the encoded stream as an input, process-
ing to decode the downsampling ratio is performed, and the
value of the downsampling ratio is written in the register.

Step S204: A determination is made as to whether or not the
chroma-position-slice-adaptive flag relating to the setting of
the chrominance-possessing macroblock position informa-
tion is set to 1, and if the result of this determination is a true
value, the routine moves to step S205. If, however, the deter-
mination result is not a true value, the routine moves to step
S206.

Step S205: Taking the encoded stream as an input, process-
ing to decode the chrominance-possessing macroblock posi-
tion information is performed, and the value of the chromi-
nance-possessing macroblock position information thus
obtained is written in the register. This is the processing
performed when the above described fifth aspect is used.

Step S206: A determination is made as to whether or not the
chroma-position-MBs-adaptive flag relating to the setting of
the chrominance-possessing macroblock position informa-
tion is set to 1, and if the result of this determination is a true
value, the routine moves to step S207. If, however, the deter-
mination result is not a true value, the routine moves to step
S208.
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Step S207: Taking the encoded stream as an input, process-
ing to decode the chrominance-possessing macroblock posi-
tion information is performed, and the value of the chromi-
nance-possessing macroblock position information thus
obtained is written in the register. This is the processing
performed when the above described sixth aspect is used.

Step S208: Taking the chrominance-possessing macrob-
lock position information as an input, a determination is made
as to whether or not the macroblock targeted for encoding is
in a chrominance-possessing macroblock position, and a true
or false value is output as the result of this determination. If
the output is a true value, the routine moves to step S209. Ifthe
output is a false value the routine moves to step S210.

Step S209: Taking the encoded stream as an input, process-
ing to decode the chrominance element is performed, and the
decoding result is written in the register.

Step S210: Taking the encoded stream as an input, process-
ing to decode the luminance element is performed, and the
decoding result is written in the register.

Step S211 and step S212: The processing of step S208
through step S210 is repeated for all of the macroblocks
within the chrominance shared block set.

Step S213: Taking the downsampling ratio which was
decoded in step S203 as an input, processing to convert the
downsampling ratio into an upsampling ratio is performed,
and the calculated value is written in the register.

This upsampling ratio is an inverse number of the down-
sampling ratio.

Step S214: Taking the upsampling ratio obtained in step
S213 and the chrominance element decoded in step S209 as
inputs, upsampling processing is performed on this chromi-
nance element, and the processed chrominance element is
written in the register.

Step S215: The processing of step S206 through step S214
is repeated for all ofthe chrominance shared block sets within
a slice.

Step S216: The processing of step S203 through step S215
is repeated for all of the slices within a sequence.

In this manner, in the present invention, taking the encoded
data generated by the encoding processing shown in the flow-
charts in FIG. 9 and FIG. 10 as the target for decoding,
processing is performed to decode a video signal.

FIG. 13 shows an embodiment of a video encoding appa-
ratus of the present invention which executes the encoding
processing shown in the flowcharts in FIG. 9 and FIG. 10. A
description of the apparatus structure of this video encoding
apparatus will now be given in accordance with FIG. 13.

Here, in FIG. 13, 100 is an adaptive processing flag setting
section, 101 is an adaptive processing flag storage section,
102 is a luminance signal reading section, 103 is a luminance
signal storage section, 104 is a chrominance signal reading
section, 105 is a chrominance signal storage section, 106 is a
downsampling ratio setting section, 107 is a downsampling
ratio storage section, 108 is a chrominance signal downsam-
pling processing section, 109 is a chrominance signal storage
section, 110 is a chrominance-possessing macroblock posi-
tion information setting section, 111 is an encoded stream
generation section, 112 is an encoded stream storage section,
and 113 is a final slice determination section.

This chrominance-possessing macroblock position infor-
mation setting section 110 is provided with a sequence adap-
tive processing section 110-1, a slice adaptive processing
section 110-2, and a chrominance adaptive processing section
110-3.

Moreover, the encoded stream generation section 111 is
provided with a header information encoding section 111-1, a
header information encoded stream storage section 111-2, a
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luminance signal-—chrominance signal encoding processing
section 111-3, a luminance signal—chrominance signal
encoded stream storage section 111-4, and an encoded stream
multiplexing section 111-5.

Next, a description of the processing executed by each of
these processing sections will be given.

The adaptive processing flag setting section 100 reads the
flags (chroma-position-sequence-adaptive, chroma-position-
slice-adaptive, chroma-position-MBs-adaptive) relating to
the setting of the chrominance-possessing macroblock posi-
tion information, and writes them in the adaptive processing
flag storage section 101.

The luminance signal reading section 102 reads luminance
signals and writes them in the luminance signal storage sec-
tion 103. The units in which the luminance signals are read are
slices in the present embodiment; however, it is also possible
to read them in larger units or smaller units than slices.

The chrominance signal reading section 104 reads chromi-
nance signals and writes them in the chrominance signal
storage section 105. The units in which the chrominance
signals are read are slices in the present embodiment, how-
ever, it is also possible to read them in larger units or smaller
units than slices.

The downsampling ratio setting section 106 performs pro-
cessing to set downsampling ratios, and writes the set values
in the downsampling ratio storage section 107. Here, the set
downsampling ratios are slice downsampling ratios.

The specific setting values are provided from an externally
provided mechanism which performs the setting of the slice
downsampling ratio. For example, in a slice having a low
luminance value, a method may be employed in which a small
downsampling ratio is set such that large-scale downsam-
pling is performed on the chrominance element.

The chrominance signal downsampling processing section
108 takes chrominance signals read from the chrominance
signal storage section 105 and downsampling ratios read from
the downsampling ratio storage section 107 as inputs, and
performs downsampling processing on a chrominance ele-
ment in accordance with an input downsampling ratio, and
the downsampled chrominance element is written in the
chrominance signal storage section 109.

The coefficient of the filter used in the downsampling is
provided from an externally provided mechanism which
determines filter coefficients in accordance with the down-
sampling ratio.

The chrominance-possessing macroblock position infor-
mation setting section 110 takes luminance signals read from
the luminance signal storage section 103, pre-downsampling
chrominance signals read from the chrominance signal stor-
age section 105, downsampled chrominance signals read
from the chrominance signal storage section 109, and down-
sampling ratios read from the downsampling ratio storage
section 107 as inputs, and performs processing to set chromi-
nance-possessing macroblock position information. The
obtained chrominance-possessing macroblock position
information is given to the encoded stream generation section
111.

Moreover, based on the obtained chrominance-possessing
macroblock position information, the downsampled chromi-
nance signals output from the chrominance signal storage
section 109 are given to the encoded stream generation sec-
tion 111.

Note that the setting of the chrominance-possessing mac-
roblock position information is described in detail in the
flowcharts in FIG. 9 and FIG. 10.
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The encoded stream generation section 111 performs the
processing of the header information encoding section 111-1
through the encoded stream multiplexing section 111-5
described below.

The header information encoding section 111-1 reads the
chrominance-possessing macroblock position information
and the downsampling ratio as inputs together with other
header information, and performs encoding processing. It
then writes the obtained encoded stream in the header infor-
mation encoded stream storage section 111-2.

The luminance signal-—chrominance signal encoding pro-
cessing section 111-3 takes luminance signals read from the
luminance signal storage section 103 and downsampled
chrominance signals read from the chrominance signal stor-
age section 109 as inputs, and performs encoding processing.
It then writes the obtained encoded stream in the luminance
signal-—chrominance signal encoded stream storage section
111-4.

The encoded stream multiplexing section 111-5 takes the
encoded stream of the header information read from the
header information encoded stream storage section 111-2 and
the encoded stream for the luminance element and chromi-
nance element read from the luminance signal—chrominance
signal encoded stream storage section 111-4 as inputs, and
multiplexes the two streams. It then writes the multiplexed
stream in the encoded stream storage section 112.

The final slice determination section 113 determines
whether or not the slice currently undergoing processing is
the final slice in order to perform the above described pro-
cessing for all slices within a sequence. It also outputs
encoded streams stored in the encoded stream storage section
112.

Inthis manner, the video encoding apparatus shown in FI1G.
13 executes the encoding processing shown in the flowcharts
in FIG. 9 and FIG. 10 in accordance with the apparatus
structure shown in FIG. 13.

FIG. 14 shows an embodiment of a video decoding appa-
ratus of the present invention which executes the decoding
processing shown in the flowcharts in FIG. 11 and FIG. 12. A
description of the apparatus structure of this video decoding
apparatus will now be given in accordance with FIG. 14.

Here, in FIG. 14, 200 is a header information decoding
section, 201 is a luminance signal decoding processing sec-
tion, 202 is a luminance signal storage section, 203 is a
downsampling ratio storage section, 204 is a chrominance-
possessing macroblock position information storage section,
205 is a chrominance-possessing macroblock position infor-
mation determination section, 206 is a chrominance signal
decoding processing section, 207 is a chrominance signal
storage section, 208 is a chrominance signal upsampling pro-
cessing section, and 209 is a chrominance signal storage
section.

This header information decoding section 200 is provided
with a downsampling ratio decoding processing section 200-
1, and with a chrominance-possessing macroblock position
information decoding processing section 200-2.

The chrominance-possessing macroblock position infor-
mation decoding processing section 200-2 is provided with a
sequence adaptive processing flag detection section 200-3, a
sequence adaptive processing flag storage section 2004, a
sequence adaptive processing determination section 200-5, a
slice adaptive processing flag detection section 200-6, a slice
adaptive processing flag storage section 200-7, a slice adap-
tive processing determination section 200-8, a chrominance
shared block set adaptive processing flag detection section
200-9, a chrominance shared block set adaptive processing
flag storage section 200-10, a chrominance shared block set
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adaptive processing determination section 200-11, a stream
storage section 200-12, and a chrominance-possessing mac-
roblock position information decoding section 200-13.

Next, the processing executed by each of these processing
sections will be described.

The header information decoding section 200 performs
processing to decode header information taking the encoded
stream as an input. The targets of the decoding are the down-
sampling ratio, the chrominance-possessing macroblock
position information, and other header information (i.e., sig-
nals which are not targeted for decoding processing by the
luminance signal decoding processing section 201 and the
chrominance signal decoding processing section 206).

The downsampling ratio decoding processing section
200-1 performs processing to decode the downsampling ratio
using the encoded stream as an input, and then writes the
downsampling ratio in the downsampling ratio storage sec-
tion 203.

The chrominance-possessing macroblock position infor-
mation decoding processing section 200-2 performs process-
ing to decode the chrominance-possessing macroblock posi-
tion information using the encoded stream as an input, and
then writes the chrominance-possessing macroblock position
information in the chrominance-possessing macroblock posi-
tion information storage section 204.

The processing performed by the chrominance-possessing
macroblock position information decoding processing sec-
tion 200-2 includes the processing performed by the sequence
adaptive processing flag detection section 200-3 through the
processing performed by the chrominance-possessing mac-
roblock position information decoding section 200-13
described below.

The sequence adaptive processing flag detection section
200-3 detects the chroma-position-sequence-adaptive flag
which relates to the setting of the chrominance-possessing
macroblock position information using the encoded stream as
an input, and then writes the obtained flag value in the
sequence adaptive processing flag storage section 200-4.

The sequence adaptive processing determination section
200-5 takes the value of the chroma-position-sequence-adap-
tive read from the sequence adaptive processing flag storage
section 200-4 as an input, performs determination processing
to determine whether or not the value is 1, and outputs a true
or false value. If the output is a true value, it writes in the
stream storage section 200-12 the encoded stream of the
chrominance-possessing macroblock position information
which follows on from the chroma-position-sequence-adap-
tive flag in the encoded stream.

I, however, the output is not a true value, then the encoded
stream is input into the slice adaptive processing flag detec-
tion section 200-6.

The slice adaptive processing flag detection section 200-6
detects the chroma-position-slice-adaptive flag which relates
to the setting of the chrominance-possessing macroblock
position information using the encoded stream as an input,
and writes the value of the obtained flag in the slice adaptive
processing flag storage section 200-7.

The slice adaptive processing determination section 200-8
takes the value of the chroma-position-slice-adaptive read
from the slice adaptive processing flag storage section 200-7
as an input, performs determination processing to determine
whether or not the value is 1, and outputs a true or false value.
Ifthe output is a true value, then it writes in the stream storage
section 200-12 the encoded stream of the chrominance-pos-
sessing macroblock position information which follows on
from the chroma-position-slice-adaptive flag in the encoded
stream.
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If, however, the output is not a true value, then the encoded
stream is input into the chrominance shared block set adaptive
processing flag detection section 200-9.

The chrominance shared block set adaptive processing flag
detection section 200-9 detects the chroma-position-MBs-
adaptive flag which relates to the setting of the chrominance-
possessing macroblock position information using the
encoded stream as an input, and writes the value of the
obtained flag in the chrominance shared block set adaptive
processing flag storage section 200-10.

The chrominance shared block set adaptive processing
determination section 200-11 takes the value of the chroma-
position-MBs-adaptive read from the chrominance shared
block set adaptive processing flag storage section 200-10 as
an input, performs determination processing to determine
whether or not the value is 1, and outputs a true or false value.
If'the output is a true value, then it writes in the stream storage
section 200-12 the encoded stream of the chrominance-pos-
sessing macroblock position information which follows on
from the chroma-position-MBs-adaptive flag in the encoded
stream.

The chrominance-possessing macroblock position infor-
mation decoding section 200-13 performs processing to
decode the chrominance-possessing macroblock position
information using the encoded stream read from the stream
storage section 200-12 as an input, and writes the decoding
result in the chrominance-possessing macroblock position
information storage section 204.

The luminance signal decoding processing section 201
performs processing to decode luminance signals using the
encoded stream as an input, and writes the result in the lumi-
nance signal storage section 202.

The chrominance-possessing macroblock position infor-
mation determination section 205 takes the chrominance-
possessing macroblock position information read from the
chrominance-possessing macroblock position information
storage section 204 as an input, and determines whether or not
a macroblock targeted for encoding is in a chrominance-
possessing macroblock position. Ifitis determined that it is in
this position, then the chrominance-possessing macroblock
position information determination section 205 sends a con-
trol signal such that the processing of the chrominance signal
decoding processing section 206 is performed.

The chrominance signal decoding processing section 206
performs processing to decode chrominance signals using the
encoded stream as an input, and writes the result in the
chrominance signal storage section 207.

The chrominance signal upsampling processing section
208 takes downsampling ratios read from the downsampling
ratios storage section 203 and chrominance signals read from
the chrominance signal storage section 207 as an input, and
calculates upsampling ratios based on the downsampling
ratios, and then performs upsampling processing for these
chrominance signals. It then writes the processed chromi-
nance signals in the chrominance signal storage section 209.

Inthis manner, the video decoding apparatus shown in FI1G.
14 executes the decoding processing shown in the flow charts
in FIG. 11 and FIG. 12 in accordance with the apparatus
structure shown in this FIG. 14.

Next, as is described above in the seventh aspect, in the
present invention, when a downsampling ratio is changed
adaptively in units of frames, it is possible to generate an
interpolated image of a reference frame which realizes the
required motion compensation.

FIG. 15 shows an embodiment of the reference frame inter-
polation image generation apparatus of the present invention
which realizes this seventh aspect.
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The reference frame interpolation image generation appa-
ratus of the present invention which is constructed in this
manner is used in the generation of a reference signal which
is used in the motion estimation of a chrominance signal. This
reference frame interpolation image generation apparatus
may be applied in a reference signal generation processing
section 1000 provided in a video encoding apparatus which
employs a structure such as that shown in FIG. 16, or may be
applied in a reference signal generation processing section
2000 provided in a video decoding apparatus which employs
a structure such as that shown in FIG. 17.

Here, in FIGS. 15, 300 and 301 are an interpolation filter
coefficient storage section, 302 is a reference frame signal
storage section, 303 and 304 are downsampling ratio storage
sections, 305 is a reference frame interpolation accuracy cal-
culation section, 306 is a reference frame interpolation accu-
racy storage section, 307 is a reference frame interpolation
processing determination section, 308 is a reference frame
interpolation pixel value generation section, 309 is a refer-
ence frame interpolation pixel value storage section, 310 is an
output control unit, and 311 is a reference frame interpolation
processing state storage section.

The interpolation filter coefficient storage section 300
stores interpolation filter coefficients for reference frames in
motion compensation.

In the same way, the interpolation filter coefficient storage
section 301 stores interpolation filter coefficients for refer-
ence frames in motion compensation. In the present embodi-
ment, in order to illustrate an example in which two types of
filter coefficients are used selectively, two filter coefficients
are stored respectively in individual storage sections.

For example, these filter coefficients are switched in accor-
dance with the interpolation position (i.e., a 1/2 pixel position,
or a 1/4 pixel position) in the motion compensation. Note that
the present invention can be applied in the same way when
two or more types of filter coefficient are used.

The reference frame signal storage section 302 stores ref-
erence frame signals in the motion compensation.

The downsampling ratio storage section 303 stores down-
sampling ratios for reference frames in the motion compen-
sation.

The downsampling ratio storage section 304 stores down-
sampling ratios for target frames (i.e., frames targeted for
encoding and frames targeted for decoding) in the motion
compensation.

The reference frame interpolation accuracy calculation
section 305 uses as inputs the downsampling ratios for refer-
ence frames read from the downsampling ratio storage sec-
tion 303, and the downsampling ratios for target frames read
from the downsampling ratio storage section 304, performs
processing to calculate the interpolation accuracy required in
a reference frame, and writes this in the reference frame
interpolation accuracy storage section 306. The specific cal-
culation method corresponds to Formula (1).

The reference frame interpolation processing determina-
tion section 307 uses as inputs interpolation accuracies of
reference frames read from the reference frame interpolation
accuracy storage section 306, and information (for example,
information showing that interpolation processing is already
completed for 1/2 pixel positions) showing the positions of
pixels which have already undergone interpolation process-
ing which is read from the reference frame interpolation
processing state storage section 311, and determines whether
or not all interpolated pixel values for a reference frame have
been generated. If the result of this determination is a true
value, the output control unit 310 is driven, and the value in
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the reference frame interpolation pixel value storage section
309 is output (namely, the final reference frame interpolation
image is output).

If, however, the determination result is a false value, the
routine moves to the processing of the reference frame inter-
polation pixel value generation section 308. At this time,
information showing the position of the pixel targeted for
interpolation is given to the reference frame interpolation
pixel value generation section 308.

The reference frame interpolation pixel value generation
section 308 takes information showing the position of a pixel
targeted for interpolation as an input, and, in accordance with
this information, reads filter coefficients from the interpola-
tion filter coefficient storage section 300 or the interpolation
filter coefficient storage section 301 as inputs.

Next, interpolation processing is performed using as inputs
the pixel values of the reference frame read from the reference
frame signal storage section 302, or the pixel values of the
reference frame which also includes interpolated positions
read from the reference frame interpolation pixel value stor-
age section 309, and the result of this interpolation processing
is written in the reference frame interpolation pixel value
storage section 309.

Note that the reference frame interpolation pixel value
storage section 309 at the start is initialized with a value of 0.
Moreover, each time the processing for each reference frame
ends, in the same way, it is initialized with a value of 0. In this
manner, in this processing, an initial value is not read from the
reference frame interpolation pixel value storage section 309
if the initial value is stored therein.

Furthermore, information (for example, information show-
ing that interpolation processing is already completed for 1/2
pixel positions) showing the position of pixels which have
already completed the interpolation processing is written in
the reference frame interpolation processing state storage
section 311.

In this manner, the reference frame interpolation image
generation apparatus of the present invention which is shown
in FIG. 15 performs processing such that when a structure in
which downsampling ratios are changed adaptively in units of
frames is employed in a video encoding apparatus which
employs a structure such as that shown in FIG. 16 or in avideo
decoding apparatus which employs a structure such as that
shown in FIG. 17, an interpolated image of a reference frame
which enables the required motion compensation to be
achieved is generated in accordance with the interpolation
accuracy of the reference frame which changes depending on
the structure thereof.

FIG. 18 shows an embodiment of a flowchart executed by
a reference frame interpolation image generation apparatus
which employs the apparatus structure shown in FIG. 15. A
description of the processing executed by this reference frame
interpolation image generation apparatus will now be
described in accordance with this flowchart.

Step S300: BR>F An interpolation filter coefficient for a
reference frame in motion compensation is read as an input,
and written in the register. Note that in the present invention,
it is possible to use a plurality of types of filter coefficient.

Step S301: A downsampling ratio for the reference frame
in motion compensation is read as an input, and written in the
register.

Step S302: A downsampling ratio for the target frame in
motion compensation is read as an input, and written in the
register.

Step S303: A reference frame signal in motion compensa-
tion is read as an input, and written in the register.



US 9,055,303 B2

25

Step S304: Using the downsampling ratio for the reference
frame and the downsampling ratio for the target frame as
inputs, processing is performed in order to calculate the inter-
polation accuracy required in the reference frame, and this is
written in the register. The specific calculation method used
corresponds to Formula (1).

Step S305: Using the interpolation accuracy for the refer-
ence frame calculated in step S304 as an input, determination
processing is performed in order to determine whether or not
the value is less than one pixel, and either a true or false value
is output. If the output is a true value, the routine moves to the
processing of step S306, while if the output is a false value,
processing is ended as it is not necessary for interpolation to
be performed.

Step S306: Using the current interpolation accuracy of the
reference frame and the interpolation accuracy for the refer-
ence frame calculated in step S304 as inputs, determination
processing is performed in order to determine whether or not
the current interpolation accuracy of the reference frame is
less precise than the interpolation accuracy of the reference
frame calculated in step S304, and a true or false value is then
output. If the output is a true value, the routine moves to the
processing of step S307, while if the output is a false value,
processing is ended.

Step S307: Using the current interpolation accuracy of the
reference frame as an input, an interpolation filter coefficient
of'this accuracy is selected, and this filter coefficient is written
in the register.

The specific filter coefficient (which is stored in the inter-
polation filter coefficient storage section 300 or 301) is sup-
plied from an externally provided mechanism which deter-
mines filter coefficients.

Step S308: Using the reference frame signal, the current
interpolation accuracy of the reference frame, and the inter-
polation filter coefficient of this accuracy which was selected
in step S307 as inputs, interpolation processing is performed
and an interpolated image of the reference frame is generated.

Step S309: Using the interpolation accuracy of the refer-
ence frame from step S308 as an input, this interpolation
accuracy is made even more precise.

These levels of interpolation accuracy are as follows: if, for
example, an interpolated image for a 1/8 pixel accuracy is
desired, then by sequentially making the filter coefficient of
the interpolation accuracy more and more precise, interpo-
lated images are generated at positions corresponding in
sequence to 1/2, 1/4, and 1/8 pixel accuracies.

In this manner, as a result of the reference frame interpo-
lation image generation apparatus shown in FIG. 15 execut-
ing the reference frame interpolation image generation pro-
cessing of the flowchart shown in FIG. 18, then when a
structure is employed in which the downsampling ratio is
changed adaptively in units of frames, even if the interpola-
tion accuracy of the reference frame changes in accordance
with a structure thereof, the processing makes it possible to
generate an interpolated image of the reference frame which
achieves the required motion compensation.

INDUSTRIAL APPLICABILITY

The present invention is able to be applied when a video
signal made up of two or more signal elements is targeted for
encoding. When a video image is being encoded, it is possible
to adaptively change the downsampling ratio of a specific
signal element, so that, as a result, it is possible to achieve an
efficient reduction in the code amount in accordance with the
visual sensitivity.
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The invention claimed is:

1. A video encoding method in which a video signal made
up of two or more signal elements is targeted for encoding,
comprising:

a step of setting a downsampling ratio for a specific signal
element of a frame in accordance with a size of an
amount of transition within the frame by storing the
downsampling ratio in a memory of a video encoding
apparatus;

a step of generating a video signal which is targeted for
encoding by using said video encoding apparatus to
downsample the specific signal element inside the frame
in accordance with the set downsampling ratio stored in
said memory;

a step of appending information showing whether or not
each block of a specific size includes a significant coef-
ficient to each block for each signal element quantized
by said step of generating the video signal targeted for
encoding; and

a step of setting position information showing the position
of a group of blocks which includes the specific signal
element within a set of groups of blocks which share the
specific signal element, for each set of groups of blocks.

2. The video encoding method according to claim 1,
wherein

the step of setting the downsampling ratio comprises:

using said video encoding apparatus to perform a step of
dividing the frame into partial areas in accordance with
localized characteristics within the frame; and

using said video encoding apparatus to perform a step of
setting downsampling ratios for specific signal elements
in the partial areas in accordance with the characteristics
in the respective partial areas, and

generating a video signal targeted for encoding by down-
sampling the specific signal elements of the partial areas
in accordance with the set downsampling ratios using
said video encoding apparatus.

3. A video decoding method for decoding encoded data of

a video signal generated by the video encoding method
according to claim 1, comprising:

using a video decoding apparatus to perform a step of
determining as to whether or not a group of blocks
targeted for decoding is a group of blocks which
includes the specific signal element by decoding
encoded data of the position information showing at
which position the group of blocks which includes the
specific signal element is located; and

using the video decoding apparatus to perform a step of, for
the group of blocks which has been determined in the
determination step to be a group of blocks which
includes the specific signal element, decoding a down-
sampled signal element in accordance with a downsam-
pling ratio set on an encoding side by decoding encoded
data of'the specific signal element included in the group
of blocks.

4. A non-transitory video decoding program which is used
to execute on a computer processing which is used to imple-
ment the video decoding method according to claim 3.

5. A non-transitory computer-readable recording medium
on which is recorded a video decoding program which is used
to execute on a computer processing which is used to imple-
ment the video decoding method according to claim 3.

6. A non-transitory video encoding program which is used
to execute on a computer processing which is used to imple-
ment the video encoding method according to claim 1.

7. A non-transitory computer-readable recording medium
on which is recorded a video encoding program which is used



US 9,055,303 B2

27

to execute on a computer processing which is used to imple-
ment the video encoding method according to claim 1.

8. A video encoding method in which a video signal made
up of two or more signal elements is targeted for encoding,
comprising:

a step of setting a downsampling ratio for a specific signal
element of a frame in accordance with characteristics
inside the frame by storing the downsampling ratio in a
memory of a video encoding apparatus;

a step of generating a video signal which is targeted for
encoding by using said video encoding apparatus to
downsample the specific signal element inside the frame
in accordance with the set downsampling ratio stored in
said memory;

a step of, using the video encoding apparatus to test when
motion compensation having a decimal fraction pixel
accuracy is used for an inter-frame prediction in the
encoding ofthe video signal targeted for encoding, using
the video encoding apparatus to change the interpolation
accuracy of a downsampled signal element in a refer-
ence frame in accordance with a ratio between the down-
sampling ratio of the frame targeted for encoding and the
downsampling ratio of the reference frame; and

a step of using the video encoding apparatus to generate an
interpolated image of the reference frame based on the
changed interpolation accuracy.

9. A video encoding method in which a video signal made
up of two or more signal elements is targeted for encoding,
comprising:

a step of setting a downsampling ratio for a specific signal
element of a frame in accordance with characteristics
inside the frame by storing the downsampling ratio in a
memory of a video encoding apparatus; and

a step of generating a video signal which is targeted for
encoding by using said video encoding apparatus to
downsample the specific signal element inside the frame
in accordance with the set downsampling ratio stored in
said memory,

wherein the step of setting the downsampling ratio further
comprises:

using the video encoding apparatus to divide the frame into
partial areas in accordance with localized characteristics
within the frame; and

using the video encoding apparatus to set downsampling
ratios for specific signal elements in the partial areas in
accordance with the characteristics in the respective par-
tial areas, and

wherein the step of generating the video signal generates
the video signal targeted for encoding by downsampling
the specific signal elements of the partial areas in accor-
dance with the set downsampling ratios, and

the video encoding method further comprises:

using the video encoding apparatus to perform a step of,
when motion compensation having a decimal fraction
pixel accuracy is used for an inter-frame prediction in
the encoding of the video signal targeted for encoding,
the interpolation accuracy of a downsampled signal ele-
ment in a partial area within the reference frame is
changed in accordance with a ratio between a downsam-
pling ratio of each of the partial areas within the frame
targeted for encoding and a downsampling ratio of a
partial area within a reference frame which is referred to
when each of the partial areas undergoes motion com-
pensation; and
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using the video encoding apparatus to perform a step of
generating an interpolated image of the partial area
within the reference frame based on the changed inter-
polation accuracy.

10. A video decoding method comprising:

using a video decoding apparatus to perform a step of,

when motion compensation having a decimal fraction
pixel accuracy is used for an inter-frame prediction in
decoding of encoded data of a video signal targeted for
encoding which is made up of two or more signal ele-
ments and is generated by downsampling a specific sig-
nal element inside a frame based on a downsampling
ratio that is set in accordance with characteristics inside
the frame, changing the interpolation accuracy of a
downsampled signal element in a reference frame in
accordance with a ratio between a downsampling ratio
of a frame targeted for decoding and a downsampling
ratio of the reference frame; and

using the video decoding apparatus to perform a step of

generating an interpolated image of the reference frame
based on the changed interpolation accuracy.

11. A non-transitory video decoding program which is used
to execute on a computer processing which is used to imple-
ment the video decoding method according to claim 10.

12. A non-transitory computer-readable recording medium
on which is recorded a video decoding program which is used
to execute on a computer processing which is used to imple-
ment the video decoding method according to claim 10.

13. A video decoding method comprising:

using a video decoding apparatus to perform a step of,

when motion compensation having a decimal fraction
pixel accuracy is used for an inter-frame prediction in
decoding of encoded data of a video signal targeted for
encoding which is made up of two or more signal ele-
ments and is generated by downsampling specific signal
elements of partial areas of a frame that are divided in
accordance with localized characteristics inside the
frame based on downsampling ratios that are set in
accordance with characteristics in the respective partial
areas, changing the interpolation accuracy of a down-
sampled signal element in a partial area within a refer-
ence frame in accordance with a ratio between a down-
sampling ratio of each of the partial areas within a frame
targeted for decoding and a downsampling ratio of a
partial area within the reference frame which is referred
to when each of the partial areas undergoes motion com-
pensation; and

using the video decoding apparatus to perform a step of

generating an interpolated image of the partial area
within the reference frame based on the changed inter-
polation accuracy.

14. A non-transitory video decoding program which is used
to execute on a computer processing which is used to imple-
ment the video decoding method according to claim 13.

15. A non-transitory computer-readable recording medium
on which is recorded a video decoding program which is used
to execute on a computer processing which is used to imple-
ment the video decoding method according to claim 13.

16. A video encoding apparatus which targets for encoding
a video signal made up of two or more signal elements,
comprising:

a device which sets a downsampling ratio for a specific

signal element of a frame in accordance with a size of an
amount of transition within the frame;
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a device which generates a video signal which is targeted
for encoding by downsampling the specific signal ele-
ment inside the frame in accordance with the set down-
sampling ratio; and

a device which, when information showing whether or not
each block of a specific size includes a significant coef-
ficient is appended to each block for each quantized
signal element obtained by encoding the video signal
targeted for encoding, sets position information showing
the position of a group of blocks which includes the
specific signal element within a set of groups of blocks
which share the specific signal element, for each set of
groups of blocks.

17. The video encoding apparatus according to claim 16,
wherein the device which sets the downsampling ratio com-
prises:

adevice which divides the frame into partial areas in accor-
dance with localized characteristics within the frame;
and

adevice which sets downsampling ratios for specific signal
elements in the partial areas in accordance with the
characteristics in the respective partial areas, and

the video signal targeted for encoding is generated by
downsampling the specific signal elements of the partial
areas in accordance with the set downsampling ratios.

18. A video decoding apparatus which decodes encoded
data of a video signal generated by the video encoding appa-
ratus according to claim 16, comprising:

a device which determines as to whether or not a group of
blocks targeted for decoding is a group of blocks which
includes the specific signal element by decoding
encoded data of the position information showing at
which position the group of blocks which includes the
specific signal element is located; and

a device which, for the group of blocks which the determi-
nation device has determined to be a group of blocks
which includes the specific signal element, decodes a
downsampled signal element in accordance with a
downsampling ratio set onan encoding side by decoding
encoded data of the specific signal element included in
the group of blocks.

19. A video encoding apparatus which targets for encoding

a video signal made up of two or more signal elements,
comprising:

a device which sets a downsampling ratio for a specific
signal element of a frame in accordance with the char-
acteristics inside the frame;

a device which generates a video signal which is targeted
for encoding by downsampling the specific signal ele-
ment inside the frame in accordance with the set down-
sampling ratio;

a device which, when motion compensation having a deci-
mal fraction pixel accuracy is used for an inter-frame
prediction in the encoding of the video signal targeted
for encoding, changes the interpolation accuracy of a
downsampled signal element in a reference frame in
accordance with a ratio between the downsampling ratio
of the frame targeted for encoding and the downsam-
pling ratio of the reference frame; and

a device which generates an interpolated image of the
reference frame based on the changed interpolation
accuracy.

20. A video encoding apparatus which targets for encoding

a video signal made up of two or more signal elements,
comprising:
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a device which sets a downsampling ratio for a specific
signal element of a frame in accordance with the char-
acteristics inside the frame; and

a device which generates a video signal which is targeted
for encoding by downsampling the specific signal ele-
ment inside the frame in accordance with the set down-
sampling ratio,

wherein the device which sets the downsampling ratio
comprises:

adevice which divides the frame into partial areas in accor-
dance with localized characteristics within the frame;
and

a device which sets downsampling ratios for specific signal
elements in the partial areas in accordance with the
characteristics in the respective partial areas, and

the video signal targeted for encoding is generated by
downsampling the specific signal elements of the partial
areas in accordance with the set downsampling ratios,
and

the video encoding apparatus further comprises:

a device which, when motion compensation having a deci-
mal fraction pixel accuracy is used for an inter-frame
prediction in the encoding of the video signal targeted
for encoding, changes the interpolation accuracy of a
downsampled signal element in a partial area within the
reference frame in accordance with a ratio between a
downsampling ratio of each of the partial areas within
the frame targeted for encoding and a downsampling
ratio of a partial area within a reference frame which is
referred to when each of the partial areas undergoes
motion compensation; and

a device which generates an interpolated image of the
partial area within the reference frame based on the
changed interpolation accuracy.

21. A video decoding apparatus comprising:

a device which, when motion compensation having a deci-
mal fraction pixel accuracy is used for an inter-frame
prediction in decoding of encoded data of a video signal
targeted for encoding which is made up of two or more
signal elements and is generated by downsampling a
specific signal element inside a frame based on a down-
sampling ratio that is set in accordance with character-
istics inside the frame, changes the interpolation accu-
racy of a downsampled signal element in a reference
frame in accordance with a ratio between a downsam-
pling ratio of a frame targeted for decoding and a down-
sampling ratio of the reference frame; and

a device which generates an interpolated image of the
reference frame based on the changed interpolation
accuracy.

22. A video decoding apparatus comprising:

a device which, when motion compensation having a deci-
mal fraction pixel accuracy is used for an inter-frame
prediction in decoding of encoded data of a video signal
targeted for encoding which is made up of two or more
signal elements and is generated by downsampling spe-
cific signal elements of partial areas of a frame that are
divided in accordance with localized characteristics
within the frame based on downsampling ratios that are
set in accordance with characteristics in the respective
partial areas, changes the interpolation accuracy of a
downsampled signal element in a partial area within a
reference frame in accordance with a ratio between a
downsampling ratio of each of the partial areas within a
frame targeted for decoding and a downsampling ratio of
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a partial area within the reference frame which is
referred to when each of the partial areas undergoes
motion compensation; and

a device which generates an interpolated image of the
partial area within the reference frame based on the 5
changed interpolation accuracy.
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